Introduction
============

Purslane, a member of the Portulacaceae family, is an annual succulent herb which is distributed as turfgrass weed or field crop in diverse geographical environments throughout the world. Purslane is one of the most useful medicinal plants and has been termed a "global panacea" by the World Health Organization.[@b1-dddt-12-047] Research has confirmed the higher nutritional quality of purslane in most cultivated vegetables, because of its higher levels of α-linolenic acid, ascorbic acid, and β-carotene.[@b2-dddt-12-047]--[@b4-dddt-12-047] As a traditional Chinese medicine, purslane is now widely used for its various pharmacological effects, including wound-healing, analgesic, antiaging, antioxidative,[@b5-dddt-12-047] and anti-inflammatory activities.[@b6-dddt-12-047],[@b7-dddt-12-047] Evidence has emerged indicating the hepatoprotective effect of purslane on CCl~4~-induced liver damage and acetaminophen-induced liver injury through anti-inflammatory and antioxidative properties.[@b8-dddt-12-047],[@b9-dddt-12-047] We thought it was worth studying whether purslane could improve streptozotocin (STZ)-induced liver injury in diabetes.

Diabetes mellitus is a serious and complex metabolic disease and called the "silent killer", due to the large number of patients and many chronic complications.[@b10-dddt-12-047] It is caused by decreased tissue response to insulin and/or impaired insulin deficiency and is characterized by elevated blood glucose.[@b11-dddt-12-047] There are 387 million people living with diabetes nowadays, and the number is expected to reach 592 million by 2035, according to the International Diabetes Federation.[@b12-dddt-12-047],[@b13-dddt-12-047] Diabetes patients fail to utilize glucose fully, such that it accumulates in the blood, leading to high blood glucose.[@b14-dddt-12-047] Consequently, the liver is involved in the synthesis and metabolism of glucose. Secondary to absolute or relative lack of insulin, disturbances in carbohydrate, protein, and fat metabolism occur in diabetes mellitus, which might be reflected by high levels of triglycerides (TGs) and total cholesterol (TC).[@b15-dddt-12-047]

ROCK is a well-known downstream effector of the small GTPases and is closely involved in the productions of inflammatory molecules.[@b16-dddt-12-047] Dysregulation of the Rho--ROCK signaling pathway is responsible for the invasion and metastasis in hepatocellular carcinoma.[@b17-dddt-12-047] Moreover, Rho--ROCK signaling is believed to be implicated in liver-graft injury.[@b18-dddt-12-047] As a critical downstream molecule, nuclear factor kappa B (NFκB) governs the transcriptions of inflammatory cytokines and is involved in the pathogenesis of STZ-induced hepatic damage.[@b19-dddt-12-047] The present study aimed to evaluate the effect of purslane on STZ-induced liver injury in mice through the Rho--NFκB signaling pathway.

Materials and methods
=====================

Main reagents and kits
----------------------

Purslane was purchased from a market in Yucheng, Henan, China. Metformin (Met) tablets were acquired from Simcare Drug Store (Nanjing, China). STZ was provided by Sigma-Aldrich (St Louis, MO, USA). Insulin enzyme-linked immuno-sorbent assay (ELISA) kits were supplied by KeyGen Biotech Co Ltd (Nanjing, China). Glucose, TGs, TC, anti-aspartate aminotransferase (AST), and alanine aminotransferase (ALT) commercial kits were purchased from Jiancheng Bioengineering Institute (Nanjing, China). ELISA kits for determination of interleukin (IL)-6, IL-1β, and tumor necrosis factor alpha (TNFα) were produced by R&D Systems (Minneapolis, MN, USA). Primary antibodies against Rho, ROCK1, ROCK2, NFκBp65, p-NFκBp65, IκBα, and p-IκBα were produced by Cell Signaling Technology (Beverly, MA, USA). All other chemicals and reagents used for this study were of analytical grade and purchased from approved organizations.

Preparation of purslane extract
-------------------------------

Generally, purslane was washed thoroughly with water, dried in the shade. Powdered purslane (12 kg) was ground and extracted in ethanol (80 L) at room temperature for 7 days, and the filtered extract from ethanol was obtained under reduced pressure. The solvent was evaporated under vacuum to get rid of ethanol. Then, a crude extract purslane was achieved. Before experimental application, purslane extract was dissolved in dimethyl sulfoxide (DMSO), and the final concentration of DMSO was less than 0.05%.

Animals
-------

A total of 50 male mice (8 weeks old) weighing 20--22 g, obtained from the Comparative Medicine Centre of Yangzhou University, were maintained in a temperature- and humidity-controlled animal facility under a 12-hour light--dark cycle. Mice were provided with water and food pellets ad libitum. All mice were required to acclimatize to the laboratory environment for 7 days before the experiment. All the experimental procedures were conducted according to the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals. All animal-handling procedures were performed according to the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and followed the guidelines of the Animal Welfare Act. All animal experiments were approved by the Experimental Animal Ethical Committee of Second Military Medical University.

Experimental protocol
---------------------

Body weight and the weight of food intake of all the animals were recorded as the "initial body weight" and "food intake before". Food and water intake of all groups of animals were monitored during the experimental protocol. A fixed amount of chow was given to each mouse and replenished the next day. Mice were divided into five groups randomly as follows (n=8 per group): control group, STZ group, STZ + Met (10 mg/kg, orally) group, STZ + purslane (100 mg/kg, orally), and STZ + purslane (200 mg/kg, orally) group. A single dose of 135 mg/kg of STZ was injected intraperitoneally in citrate buffer at pH 4.2--4.5 prepared at the time of use. Met and purslane were administered for 28 consecutive days. Purslane (100 and 200 mg/kg) and Met (10 mg/kg) were intragastrically administered by gavage. Prior to killing the mice, their body weight was recorded as "final body weight" and the weight of food intake recorded as "food intake after".

Sample preparation
------------------

After treatment with Met or purslane for 28 days, mice were killed on day 30. Blood samples were collected from the orbit and centrifuged at 4,500 rpm for 15 minutes. Liver tissues were harvested subsequently and set aside at −80°C for histological observation and protein quantification.

Oral glucose-tolerance test
---------------------------

Fasting glucose was detected 15 minutes before the oral glucose-tolerance test. Mice were orally administered glucose (1.5 g/kg body weight) on day 28. Blood glucose level was monitored via blood obtained from the tail vein using glucose commercial kits at 0 (prior to glucose administration), 30, 60, 90, and 120 minutes.

Insulin assay
-------------

The serum insulin level of each blood sample was measured by ELISA using a commercial kit according to the manufacturer's instructions.

Biochemical analysis
--------------------

AST, ALT, serum TGs, and TC were detected by commercial kits on the basis of the manufacturer's instructions.

Cytokine measurement
--------------------

Serum levels of IL-6, TNFα, and IL-1β were measured by ELISA according to the manufacturer's instructions. The samples were added to 96-well ELISA plates and incubated with a biotin-conjugated anticytokine antibody. The color reaction was accomplished with the substrate solution and then was terminated by the stopping solution. The optical density of each well was recorded at 450 nm using microplate spectrophotometry. All measurements were performed in triplicate.

Histological analysis of liver
------------------------------

Liver tissues were fixed in 10% (v/v) neutral buffered formalin for 24 hours, embedded in paraffin wax, cut into 4 μm thickness, deparaffinized in xylene, and processed with graded ethanol series. Sections were stained with hematoxylin and eosin and observed by light microscopy (Nikon, Tokyo, Japan) at 200× magnification.

Western blot
------------

Briefly, liver tissues (100 mg) were minced and homogenized in 1 mL ice-cold radioimmunoprecipitation-assay buffer, followed by centrifugation at 12,000 rpm for 5 minutes at 4°C. The supernatant was collected to a new clean centrifuge tube and bicinchoninic acid protein-assay kit (Beyotime, Haimen, China) was used for quantification. Equal amounts of 30 μg protein were subjected to 10% sodium dodecyl sulfate polyacrylamide-gel electrophoresis and transferred onto polyvinylidene difluoride membranes. The target blots were incubated in blocking solution containing 5% dried skim milk. Subsequently, the membrane was exposed to the appropriate concentration of specific antibody overnight at 4°C. Incubation with horseradish peroxidase-conjugated secondary antibody was carried out at room temperature for 1 hour after washing with Tris-buffered saline--polysorbate 20 three times. Antibody-reactive sheets were visualized by a KeyGen advanced enhanced-chemiluminescence system kit and a gel-imaging system (Tanon Science and Technology, Shanghai, China).

Statistical analysis
--------------------

All data are presented as mean ± standard deviations. One-way analysis of variance followed by Tukey's multiple-comparison test was conducted to assess differences between groups. Values were considered statistically significantly different at *P*\<0.05. Calculations were made using GraphPad Prism 5.0.

Results
=======

Effect of purslane on changes in body weight and food intake
------------------------------------------------------------

Changes in body weight and food intake of control and experimental mice are presented in [Table 1](#t1-dddt-12-047){ref-type="table"}. Compared with the control group, body weight was significantly (*P*\<0.001) decreased in the STZ-stimulated group. On the contrary, treatment with Met (10 mg/kg) and purslane (100 and 200 mg/kg) remarkably reduced final body weight compared with the STZ group (*P*\<0.01). Moreover, the food intake of the STZ group was dramatically increased compared with the control group (*P*\<0.001), whereas the administration of Met (10 mg/kg) and Purslane (100 and 200 mg/kg) notably reduced levels of food intake (*P*\<0.01).

Effect of purslane on blood glucose and serum insulin levels
------------------------------------------------------------

As shown in [Figure 1](#f1-dddt-12-047){ref-type="fig"}, STZ stimulation increased the level of blood glucose (*P*\<0.01) and decreased the level of serum insulin (*P*\<0.01). However, purslane (100 and 200 mg/kg) treatment significantly restored normal levels and effectively maintained blood glucose balance (*P*\<0.01). Serum glucose levels presented an apparent peak at 60 minutes. There was little difference at 90 minutes in serum glucose between Met (10 mg/kg) and purslane (100 and 200 mg/kg), with purslane (200 mg/kg) resulting more decrease than purslane (100 mg/kg). Meanwhile, the effect of Met treatment on serum insulin level was slightly more pronounced than purslane (100 and 200 mg/kg) treatment.

Effect of purslane on TG and TC levels
--------------------------------------

Serum TG (*P*\<0.01) and TC (*P*\<0.01) levels in the STZ-treated group were significantly elevated compared with those in the control group, while purslane (100 and 200 mg/kg) administration markedly reduced their abnormally high expression in diabetic mice (*P*\<0.01), which were slightly less efficient than Met administration (*P*\<0.01) ([Figure 2](#f2-dddt-12-047){ref-type="fig"}).

Effect of purslane on AST and ALT
---------------------------------

AST and ALT concentrations in diabetic mice were relatively higher than those in the control group (*P*\<0.01). As expected, purslane treatment dramatically controlled elevated levels of AST (*P*\<0.01) and ALT (*P*\<0.01) in comparison with those in the STZ-challenged group ([Figure 3](#f3-dddt-12-047){ref-type="fig"}).

Effect of purslane on inflammatory cytokines in serum
-----------------------------------------------------

Cytokines participate in the initiation and amplification of the inflammatory cascade of diabetes. As shown in [Figure 4](#f4-dddt-12-047){ref-type="fig"}, IL-1β, IL-6, and TNFα levels in serum were significantly increased in the STZ group compared with the control group. Purslane (100 and 200 mg/kg) and Met (10 mg/kg) treatment remarkably inhibited the generation of IL-1β, IL-6, and TNFα in serum. In this study, purslane decreased the synthesis and release of inflammatory cytokines in STZ-induced liver injury.

Effect of purslane on liver pathological changes
------------------------------------------------

As exhibited in [Figure 5](#f5-dddt-12-047){ref-type="fig"}, scarce obvious histological alteration was viewed in liver specimens of the control group. Notably, diabetic mice presented pathological changes as follows: fatty changes in centrilobular liver portions and inflammatory response in the liver. Nevertheless, mice treated with purslane showed great improvement in hepatic damage symptoms. Our results suggest that treatment with purslane could attenuate histopathology in STZ-induced liver injury.

Effect of purslane on Rho--NFκB pathway-related proteins
--------------------------------------------------------

To investigate further the possible antidiabetic mechanism, expressions of Rho--NFκB pathway-related proteins were also detected in liver tissues. As presented in [Figure 6](#f6-dddt-12-047){ref-type="fig"}, Rho, ROCK1, ROCK2, p-NFκBp65, and p-IκBα expression were upregulated in diabetic mice (*P*\<0.01). On the contrary, administration of purslane and Met evidently downregulated Rho, ROCK1, and ROCK2 expression and inhibited IκBα, NFκBp65 phosphorylation (*P*\<0.01 or *P*\<0.1).

Discussion
==========

Diabetes has long been a threat to human health and degrades the quality of life. An ideal antidiabetic drug should improve glucose metabolism and insulin resistance in diabetic patients without causing any adverse effect. Nevertheless, long-term therapy and prevention with conventional available antidiabetic drugs brings negative side effects.[@b20-dddt-12-047] The World Health Organization Expert Committee on Diabetes has announced the great potential of natural plants and functional foods as alternative treatments for diabetes on the basis of over 400 reported traditional medicines.[@b21-dddt-12-047] Therefore, the development of effective and safe natural resources against diabetes seems to be essential. Our findings demonstrated that purslane dramatically recovered the levels of blood glucose and insulin, as well as other biochemical indicators linked to diabetes symptoms in serum.

The metabolic characteristics of diabetes include imbalanced glucose metabolism and insulin resistance, frequently accompanied by dyslipidemia.[@b22-dddt-12-047] The imbalance between glucose metabolism and insulin resistance in the current study could have resulted from damage stimulated by STZ, which works either directly or indirectly by enhancing blood glucose levels. Therefore, the goals of managing diabetes mellitus are to balance the diet, optimize control of blood glucose level, and normalize disturbances in lipid metabolism.[@b23-dddt-12-047] Consequently, upregulated levels of glucose and downregulated levels of insulin were observed in diabetic mice in the present study, as suggested by Met treatment, which is usually applied as a positive-control medicine.[@b24-dddt-12-047] As expected, purslane significantly recovered blood glucose balance and elevated insulin concentration, which reflected the hypoglycemic effects of purslane in diabetic mice.

Hypercholesterolemia and hypertriglyceridemia in STZ-induced diabetic animals are well documented. Glucose in diabetic mice fails to convert to carbohydrates, due to the lack of insulin. However, massive accumulation of glucose metabolizes to fatty acids in the liver.[@b25-dddt-12-047] The overproduction of serum fatty acids by STZ-induced diabetics facilitates the conversion of excessive fatty acids into phospholipids and cholesterol in the liver.[@b26-dddt-12-047] Accordingly, blood TC and TG levels are also strongly influenced. Since normal levels of blood glucose and insulin levels in blood were closely associated with blood TC and TG, the obtained data further verified the hepatoprotective effects of purslane in diabetic mice.

To illustrate further the molecular mechanisms related to the liver-recovery abilities of purslane in STZ-stimulated mice, Western blot analysis was used to determine the protein expressions of Rho-mediated inflammatory signaling. ROCKα/ROCK2 and ROCKβ/ROCK1 are two isoforms of ROCK, which have been identified as Rho effectors and play important roles in the pathogenesis of liver diseases.[@b27-dddt-12-047] Excessive ROCK activities promote pro-inflammatory pathways, including enhanced expression of adhesion molecules and increased production of inflammatory cytokines.[@b28-dddt-12-047] As expected, our results showed that purslane reduced inflammatory cytokines in serum and also inhibited expression of Rho, ROCK1, ROCK2, p-NFκBp65, and p-IκBα in liver tissue.

Given the relation between efficacy and dose, Met was demonstrated to have a more inhibitory effect against diabetes compared with purslane. However, our findings also suggest the potential role of purslane in improvement of diabetes. Purslane improved insulin levels and relieved chronic inflammation through the Rho--NFκB pathway, thus decreasing the concentration of blood glucose. The present study revealed that purslane might be an effective alternative treatment for liver injury in diabetes, possibly via alleviating expression of Rho--NFκB pathway-related proteins. Further research on purslane should be undertaken.

This work was supported by the National Natural Science Foundation of China (No. 81102774, 81573653, 81402680).

**Disclosure**

The authors report no conflicts of interest in this work.

![Effects of purslane on blood glucose and serum insulin levels.\
**Notes:** (**A**) OGTT; (**B**) serum insulin levels. Mice were intraperitoneally injected with 135 mg/kg of STZ. Met (10 mg/kg) and purslane (100 and 200 mg/kg) were intragastrically administered for 28 consecutive days. Values expressed as mean ± standard deviation. ^\#\#^*P*\<0.01 compared with control; \**P*\<0.05, \*\**P*\<0.01 compared with model.\
**Abbreviations:** OGTT, oral glucose-tolerance test; STZ, streptozotocin; Met, metformin.](dddt-12-047Fig1){#f1-dddt-12-047}

![Effects of purslane on (**A**) TG and (**B**) TC levels.\
**Notes:** Mice were intraperitoneally injected with 135 mg/kg of STZ. Met (10 mg/kg) and purslane (100 and 200 mg/kg) were intragastrically administered for 28 consecutive days. Values expressed as mean ± standard deviation. ^\#\#^*P*\<0.01 compared with control; \*\**P*\<0.01 compared with model.\
**Abbreviations:** TG, triglyceride; TC, total cholesterol; STZ, streptozotocin; Met, metformin.](dddt-12-047Fig2){#f2-dddt-12-047}

![Effects of purslane on (**A**) AST and (**B**) ALT concentrations.\
**Notes:** Mice were intraperitoneally injected with 135 mg/kg of STZ. Met (10 mg/kg) and purslane (100 and 200 mg/kg) were intragastrically administered for 28 consecutive days. Values expressed as mean ± standard deviation. ^\#\#^*P*\<0.01 compared with control; \*\**P*\<0.01 compared with model.\
**Abbreviations:** STZ, streptozotocin; Met, metformin; ALT, alanine aminotransferase; AST, anti-aspartate aminotransferase.](dddt-12-047Fig3){#f3-dddt-12-047}

![Effects of purslane on content of (**A**) IL-1β, (**B**) IL-6, and (**C**) TNFα in serum.\
**Notes:** Mice were intraperitoneally injected with 135 mg/kg of STZ. Met (10 mg/kg) and purslane (100 and 200 mg/kg) were intragastrically administered for 28 consecutive days. Values expressed as mean ± standard deviation. ^\#\#^*P*\<0.01 compared with control; \**P*\<0.05, \*\**P*\<0.01 compared with model.\
**Abbreviations:** IL, interleukin; TNFα, tumor necrosis factor alpha; STZ, streptozotocin; Met, metformin.](dddt-12-047Fig4){#f4-dddt-12-047}

![Effect of purslane on liver pathological changes.\
**Notes:** Mice were intraperitoneally injected with 135 mg/kg of STZ. Met (10 mg/kg) and purslane (100 and 200 mg/kg) were intragastrically administered for 28 consecutive days. (**A**) Liver section from control group; (**B**) liver section from STZ group; (**C**) liver section from STZ + Met (10 mg/kg) group; (**D**) liver section from STZ + purslane (100 mg/kg) group; (**E**) liver section from STZ + purslane (200 mg/kg) group. Blue represents inflammatory cell infiltration. Scale bars =50 μM.\
**Abbreviations:** STZ, streptozotocin; Met, metformin.](dddt-12-047Fig5){#f5-dddt-12-047}

![Effect of purslane on Rho--NFκB pathway-related proteins.\
**Notes:** Mice were intraperitoneally injected with 135 mg/kg of STZ. Met (10 mg/kg) and purslane (100 and 200 mg/kg) were intragastrically administered for 28 consecutive days. Values expressed as mean ± standard deviation. ^\#\#^*P*\<0.01 compared with control; \**P*\<0.05, \*\**P*\<0.01 compared with model.\
**Abbreviations:** STZ, streptozotocin; Met, metformin; NFκB, nuclear factor kappa B; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.](dddt-12-047Fig6){#f6-dddt-12-047}

###### 

Effect of purslane on body weight and food intake in normal and experimental mice

  Groups                 Body weight (g)   Food intake                                                              
  ---------------------- ----------------- ------------------------------------------------------------ ----------- -----------------------------------------------------------
  Control                19.17±1.12        32.83±1.57                                                   3.52±1.24   3.94±1.5
  STZ                    19.36±1.35        16.59±2.03[\#\#\#](#tfn1-dddt-12-047){ref-type="table-fn"}   3.63±1.07   7.13±2.31[\#\#\#](#tfn1-dddt-12-047){ref-type="table-fn"}
  Met (10 mg/kg)         19.21±1.07        25.45±1.4[\*\*](#tfn2-dddt-12-047){ref-type="table-fn"}      3.27±1.42   5.16±1.88[\*\*](#tfn2-dddt-12-047){ref-type="table-fn"}
  Purslane (100 mg/kg)   19.29±1.2         22.08±1.72[\*\*](#tfn2-dddt-12-047){ref-type="table-fn"}     3.44±1.3    5.94±1.72[\*\*](#tfn2-dddt-12-047){ref-type="table-fn"}
  Purslane (200 mg/kg)   19.15±1.33        24.35±1.27[\*\*](#tfn2-dddt-12-047){ref-type="table-fn"}     3.49±1.16   5.3±1.65[\*\*](#tfn2-dddt-12-047){ref-type="table-fn"}

**Notes:**

*P*\<0.001 compared with control;

*P*\<0.01 compared with model. Data shown as mean ± standard deviation.

**Abbreviations:** STZ, streptozotocin; Met, metformin.
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